Pompe disease (glycogen storage disease type II, acid maltase deficiency) is an autosomal recessive, lysosomal storage disorder in which affected individuals are deficient in the lysosomal enzyme acid a-glucosidase (acid maltase). Abnormal lysosomal glycogen accumulates in multiple cell types, particularly in the myocytes of skeletal, cardiac and smooth muscle, and has been detected in fetuses as early as 16-18 weeks gestation. 1, 2 In the most severe, classical infantile form of Pompe disease, macroglossia, cardiomyopathy, hypotonia and respiratory insufficiency dominate with death occurring around the first year of life due to cardiorespiratory failure. [3] [4] [5] In the juvenile and adult-onset disease, skeletal muscle weakness predominates. Overall, there is an inverse correlation between disease severity and the level of residual enzyme activity, with the most severely affected infants having no detectable enzyme activity. 3 Until the recent development of an enzyme replacement, little, other than symptomatic treatment, was available for these patients.
Enzymes such as acid a-glucosidase are normally synthesized by the cell, glycosylated and phosphorylated to provide the mannose-6-phosphate residue that targets it to the lysosome. Some enzyme is also secreted outside the cell where surface mannose-6-phosphate receptors bind and reinternalize the enzyme and deliver it back to the lysosome. 3 It is this receptor-mediated reuptake mechanism which allows the targeted delivery of an exogenous enzyme to lysosomes in the setting of a clinical deficiency.
In this 12-month study, we examined the effect of enzyme replacement therapy (ERT) on the pre-and post-treatment pathology of quadriceps biopsies from eight infantile-onset patients, ranging in age from 2.7 to 14.6 months and varying in clinical severity at the start of treatment. The quadriceps muscle was chosen for its early involvement in these patients. We report on the variability of glycogen clearance among the different patient biopsies as evaluated by high-resolution light microscopy (HRLM) and computer-assisted histomorphometry. 6 We also sought to elucidate the pathophysiologic basis for this variability, employing several histological strategies to examine cellular disease.
Extensive disruption of the contractile apparatus of myocytes has been demonstrated previously in Pompe disease. 7 Therefore, we examined baseline myocyte ultrastructure by electron microscopy (EM) to determine if the extent of cellular damage correlated with glycogen clearance in post-ERT biopsies. The capacity of muscle to repair and replace severely damaged cells in response to treatment was also investigated. Fluorescent immunohistochemistry and confocal microscopy were employed to examine the activation state of satellite cells, a muscle-specific stem cell population scattered among mature myocytes. Their role in muscle regeneration and repair is well documented. 8 In both human subjects and animals, blood flow to different muscle groups varies and appears to correlate with muscle fiber type. 9, 10 To assess whether blood flow (and by extension enzyme exposure) correlated with the variable response to ERT, muscle fiber type and capillary density analyses were compared with glycogen clearance. While Pompe disease is generally viewed as a muscular disease, an examination of autopsy tissue from one trial patient provided images which demonstrated that it is in fact a multisystemic disease, and pathologists should be alerted to histologic disease in other organ systems as well.
This study of Pompe pathology presents a spectrum of the histologic disease, its cellular progression and its response to therapy. Before the advent of enzyme replacement therapy, there was little for a pathologist to do beyond diagnosing lysosomal storage diseases on the basis of a biopsy. As we enter an age where lysosomal diseases are not only diagnosed but also treated and monitored, a new field of post-treatment pathology emerges. The work described here utilizes several analytical approaches that may be applied by pathologists in their evaluation of this new class of patient samples.
Materials and methods

Study Design
Eight infantile patients (four male patients and four female patients), ranging in age from 2.7 to 14.6 months of age were included in the trial. Clinical disease varied in individual patients from generalized to severe hypotonia at baseline. 11 Eligibility included a diagnosis of GSDII confirmed by endogenous GAA activity o1% of normal in skin fibroblasts. Patients received weekly intravenous infusions of recombinant human acid a-glucosidase (rhGAA, 10 mg/kg) for an initial 52-week trial period during which biopsies were taken for assessment, followed by enrollment in an extension trial in which patients continued to receive enzyme. Incisional biopsies were obtained from the quadriceps muscle at baseline, 12 and 52 weeks. Biopsy specimens were divided and placed immediately into fresh glutaraldehyde or frozen in OCT (week 52 time point only) before shipment. Glutaraldehyde-fixed and frozen autopsy tissues were also obtained for research purposes from a patient who died after 10 months of ERT. The institutional review boards at all sites approved the open label protocol, and all families gave written informed consent.
High-Resolution Light Microscopy
Samples were prepared for high-resolution light microscopy (HRLM) according to the procedures of Lynch et al. 6 To accurately represent the distribution of glycogen across the entire specimen, up to 10 blocks were processed per sample-time point for each patient (Supplementary Figure 1A) . One slide from each block was analyzed by computer-assisted histomorphometry (Supplementary Figure 1B) ; the values obtained were then combined to obtain an average value and standard deviation for each patient-time point (Figure 2 ).
Computer-Assisted Morphometric Analysis (MetaMorph
One representative field from each slide was photographed with a Nikon DXM1200 digital camera and acquired with the Nikon Act 1 photo image capture software, version 1.12 (Nikon Inc., Instrument Group, Melville, NY, USA). Each field was photographed with the Â 40 objective and formatted at a fixed pixel density using Adobe PhotoShop (version 5.5). Each image was opened using the MetaMorph s Imaging Processing and Analysis software (version 4.6; Universal Imaging Corporation) for histomorphometric analysis, as described previously. 6 MetaMorph s was also utilized to count the number of individual cells at each of the five stages of disease (described in this report) in these same Â 40 objective images. The number of cells at each disease stage was expressed as a percentage of total cell number and graphed in Microsoft s Excel.
Electron Microscopy
Epon blocks prepared for HRLM described above were sectioned at 70 nm, mounted onto 200 mesh copper grids, and stained with 1% aqueous uranyl acetate solution for 20 min followed by 0.4% lead citrate/NaOH solution for 30 s. The grids were examined in a Philips EM 300 Electron Microscope (Philips Manufacturing, The Netherlands). Images were collected onto Kodak electron microscope film 4489 and printed on Kodabrome II photographic paper.
Immunofluorescence and Confocal Microscopy
OCT embedded samples were sectioned at 7 mm and stored at À801C. Samples analyzed for co-localization of m-cadherin and myogenin were fixed in 4% paraformaldehyde 0.2 M Na 2 PO 4 for 60 min. Samples analyzed for co-localization of myogenin and desmin were fixed in acetone at À801C for 10 min. Samples were rinsed in PBS and incubated for 15 min in 70% methanol/0.3% hydrogen peroxide solution diluted in DI water at RT followed by water rinse. Slides were then incubated for 5 min in CSK buffer, 12 rinsed in blocking buffer (PBS,0.5% bovine albumin, 0.15% glycine) and incubated at RT with 5%NGS in blocking buffer for 30-45 min. For m-cadherin/ myogenin co-localization, monoclonal m-cadherin (1:200; BD Biosciences Cat 611101) and rabbit polyclonal myogenin (1:100; Santa Cruz sc-576) were diluted in blocking buffer and 0.1% Triton. For myogenin/desmin co-localization, monoclonal myogenin (1:50; Dako Cat M3559) and rabbit polyclonal desmin (1:50; Research Diagnostics RDI-PRO 10570) were diluted in blocking buffer only. Samples were incubated with primary antibody for 1.5 h at RT and rinsed with blocking buffer. Slides were treated for 30 min in secondary antibody diluted 1:500 in blocking buffer (AlexaFluor 488-conjugated goat anti-rabbit and goat anti-mouse 546; AlexaFluor 488-conjugated goat anti-mouse and goat anti-rabbit 546; Molecular Probes, Eugene, OR, USA) followed by blocking buffer and PBS rinses. The nuclear counterstain, To-To 3-iodide 642/660, was diluted 1:5000 in PBS and incubated on slides for 15 min at RT (Molecular Probes, Eugene, OR, USA). Slides were rinsed in PBS and mounted in anti-fade media. Approximately 13-14 nonoverlapping random fields from samples stained for the co-localization of myogenin and m-cadherin were analyzed at Â 400 with a confocal laser microscope, Lsm 410 (Carl Zeiss; Germany). 
Fiber Type Staining of Frozen Tissues
ATPase fiber type staining was performed at pH 4.3, 4.6 and 9.4 on OCT-embedded frozen tissue sections based on published protocols. 13, 14 Sections (8 mm) were cut on a cryostat (ThermoShandon, Pittsburgh, PA, USA) and placed on adhesion coated slides. Specimens stained at pH 4.3, 4.6 and 9.4 were incubated in either: acetate buffer (pH 4.3) for 5 min; acetate buffer (pH 4.6) for 5 min; or calcium barbital buffer (pH 9.4) for fifteen minutes. Slides were transferred to an incubating solution, (0.1 M sodium barbital, 0.18 M calcium chloride, water and adenosine triphosphate, adjusted to a pH of 9.4 and heated at 371C) for 20 min. Negative control slides were left in the calcium barbital buffer for the same 20 min. Slides were rinsed in a calcium chloride rinse and then in two cobalt chloride rinses, followed by two to four rinses in distilled water. All slides were then placed into a 1% ammonium sulfide solution for 3 min and rinsed two to four times in distilled water. Slides were dehydrated in absolute alcohol to xylene and coverslipped. One representative section from each patient, stained at pH 4.3, was analyzed for percentage of type I fibers using MetaMorph s analysis.
Results
Histologic Response to ERT as Assessed by High Resolution Light Microscopy and MetaMorph s Analysis
Epon-embedded tissues stained with the PAS/ Richardson's combination resulted in HRLM with excellent preservation and staining of glycogen suitable for morphometric analysis. This methodology has been extensively described, and the correlation of PAS staining with glycogen content validated by electron microscopy. 6 The abnormal glycogen appears purple, and contrasts sharply with the light blue of the surrounding myofibrils (Figure 1 Glycogen levels in patient A, declined from 34 to 4 to 3% at baseline, week 12 and week 52, respectively, and similarly for patient E from 35 to 7 to 1%. These two patients were among the youngest in the group and presented with generalized hypotonia at baseline. The histopathologic changes correlated with improved clinical outcomes; these are extensively described by Kishnani et al 11 in a companion clinical publication ( Figure 2 ). Biopsies from patients F and H showed a mixed response. Glycogen levels initially declined from baseline to week 12 (patient F only; baseline sample for patient H was technically compromised), but subsequently reaccumulated from week 12 to 52. While these two patients initially showed clinical improvement, particularly patient F who was able to walk independently for a period of time, both later died.
The remaining four patients (B, C, D and G) had no significant glycogen clearance in response to ERT. Biopsies from patients B and G showed no significant glycogen clearance from baseline to week 12. Both died of disease complications before the 52 week biopsy. Neither patient regained lower limb function and upper body functional improvements were minimal. Biopsies from the remaining two patients, C and D, showed an increase in glycogen from baseline to week 12-52, consistent with their inability to walk, however, improved upper limb strength was reported in both patients. Both subsequently died from complications of the disease after 95 weeks and 71 weeks of treatment, respectively. Of note, patients C, D and G were among the oldest patients in the group and all presented with severe hypotonia at baseline. 
Assessment of Cellular Damage by EM and Cell Disease Staging
EM examination of individual myocytes revealed a continuum of ultrastructural disease that could be divided into five stages (Figure 3 ). These stages could also be identified in corresponding HRLM sections and quantified. Cells with early stage disease contain small, glycogen-filled lysosomes tucked in between intact myofibrils (Stage 1). As Figure 2 Metamorph s analysis of glycogen content and correlations with clinical profiles. MetaMorph s analysis of glycogen content was performed on all eight patients at all available timepoints (baseline, week 12 and week 52). 'n' indicates the number of blocks analyzed per biopsy at a given time point. The age of each patient at day 0 of treatment is given on the x-axis. Asterisk(*) indicates patients deceased before the 52 week biopsy. Note that baseline samples for patients B and C were delayed until week 3. No baseline biopsy was available for patient H. The table below summarizes the motor function changes in each patient. A more detailed clinical account of these patients is described elsewhere.
11 (abbreviations: age dec ¼ age deceased; wks of tx ¼ total weeks of ERT). Figure  4a ). Baseline biopsies from poor histologic responders contained a predominance of myocytes with late Stage 3-5 damage, most appearing devoid of intact myofibrils or mitochondria and completely replaced by glycogen. Substrate was often present as a mixture of membrane-bound and cytoplasmic glycogen, and cell debris (patient C, Figure 4b ). Figure 4c shows the juxtaposition of a cell with early Stage 2 disease (upper cell) and a cell with late Stage 4 disease (lower cell) at high magnification. The former contains membrane bound glycogen (broken arrow) at the cell periphery with many remaining myofibrils, whereas the latter is completely replaced by cytoplasmic glycogen. (solid arrow) Some myocytes contained intact but abnormally shaped mitochondria (Figure 4d) , and others frequently contained tertiary lysosomes filled with cellular debris.
These five stages of cell disease progression could be distinguished at the light level in HRLM sections. Therefore, representative sections were analyzed to quantify the distribution of these five stages. The percentage of each cell stage present in a representative field was quantified for each patient at baseline and at week 52 (when available) and graphed. First, the baseline distributions of seven patients (for whom baseline biopsies were available) were graphed for comparison. Next, five patients with both baseline and week 52 distributions (patients A, C, D, E, F) were graphed individually to assess changes at these two time points.
The baseline distributions (Supplementary Figure  2) show that five of the seven patients had similar distribution patterns with a predominance of Stage 2 cell disease, albeit to differing degrees (A, B, D, E and F). Patients A and E had 450% of cells at Stage 2 disease, while B, D and F had o50% of cells at Stage 2 disease. The baseline distributions of C and G, by contrast, showed a predominance of Stages 3 and 4 cell disease, respectively. From this graph, one might predict those patients with a predominance of Stage 2 cell disease to respond well to ERT, whereas those patients with baseline distributions shifted to the right (C and G), signifying more severe disease, might be predicted to do poorly.
The post-treatment distributions of patients A and E (Supplementary Figure 2) demonstrate a marked shift to the left with a predominance of stage zero (normal) cell disease after 52 weeks of enzyme replacement; these patients continue to do well clinically. By contrast, the distributions of patients D and F demonstrated a gradual shift to the right at week 52, signifying progressive disease. The distribution of patient C showed a marked shift to the right, with a rapid increase in late cell disease stage. Patients C, D and F died of progressive disease.
Satellite Cell Activation
Frozen, week 52 biopsies were examined for the presence of quiescent and activated satellite cells (no frozen baseline samples were available from this study). Satellite cells could occasionally be identified in epon sections by electron microscopy ( Figure  4e Table 1 ; Supplementary Figure 3B ). Patients A and E (both good histologic responders) had the lowest percentage of activated satellite cells (1.2 and 2.1%, respectively), while D had the highest percentage of activated cells (5.6%). Rare, activated satellite cells could be observed fusing with one another, exhibiting increased desmin expression, as they matured into multinucleated myocytes. Week 52 samples were unavailable for patients B and G.
Capillary Density and Fiber Type Analyses
Frozen, week 52 biopsy samples were stained for CD31 to identify capillaries. Capillary density ranged from 102 to 219 capillaries per Â 20 objective field (Supplementary Figure 3C) . There was no obvious correlation between capillary density and glycogen clearance. However, MetaMorph s analysis of frozen sections stained for fiber type (ATPase pH 4.3) demonstrated a trend toward higher type I fiber content in good histologic responders. Biopsies from patients A and E, the best responders, contained 44 and 31% type I fibers, respectively (Supplementary Figure 3D) . Patient F, who was also an initial responder with the ability to walk, demonstrated a good short-term histologic response and also had a high proportion of type I fibers.
Autopsy Findings from Patient B
Skeletal myocytes of the deltoid and diaphragm examined at autopsy appeared as severely involved by glycogen accumulation (Figure 5a and b) as the patient's antemortem quadriceps biopsies, consistent with the general motor and respiratory dysfunction seen clinically in this patient. The Schwann cells of small nerves embedded within the diaphragm also demonstrated moderate glycogen accumulation (Figure 5c ). At autopsy, the heart weighed more than twice normal for age (115 vs 45 g) and HRLM examination revealed considerable remaining lysosomal glycogen in the right and left ventricle as well as the interventricular septum (IVS) ( Figure  5d ). Electron microscopy of the IVS revealed multiple glycogen-containing vacuoles clustered in the center of each cardiomyocyte, some with ruptured vacuolar membranes and evidence of fusion with other vacuoles (Figure 5j ). Smooth muscle cells of the muscularis propria of the bladder (Figure 5e ) and the vascular media of a large artery (Figure 5f ) were also heavily infiltrated with abnormal accumulations of glycogen. CNS tissue samples revealed sporadic glycogen accumulation in Purkinje cells of the cerebellum (Figure 5g ) and in cortical neurons (Figure 5h) , however, the most dramatic glycogen accumulation was present in the motor neurons of the ventral horn in the spinal cord (Figure 5i and 5k).
Discussion
The usage of digital histomorphometry to assess glycogen clearance proved to be a reasonable indicator of efficacy. These measurements demonstrated a clear relationship between glycogen clearance after 12 weeks of ERT and longer-term posttreatment outcome. This subset of individuals attained, then maintained, near normal glycogen levels for 52 weeks, demonstrating that rhGAA had been successfully targeted to skeletal myocytes and effectively re-enabled intralysosomal glycogenolysis. Lower baseline glycogen levels were associated with sustained clearance in patients A and E but not patient F, suggesting that additional factors contribute to a positive long-term clinical outcome. When patients were examined with respect to age at baseline, it was notable that the two best histologic responders were also among the youngest patients at the onset of treatment (patients A and E were 4.7 and 3.1 months, respectively), however, other patients who began ERT around the same age showed essentially no histologic response (patient B began ERT at 4.8 months), suggesting that age alone is also not an independent determinant of outcome. Of note, genotype analysis performed on these patients did not allow any correlation analysis between genotype and disease severity at baseline, as most patients have a unique combination of GAA mutations. 11 The characterization of GAA mutations, as well as CRIM status and antibody titers of these patients, are discussed in detail in a companion clinical publication.
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To further characterize the changes in pathology, we examined ultrastructure. By EM, baseline ultrastructural damage varied significantly among individual patient biopsies. In good histologic responders (patients A and E) glycogen was predominantly membrane-bound, contained within cells in early stages 1 and 2 of disease progression. This glycogen should theoretically be accessible to exogenously delivered enzyme via receptormediated uptake from the cell surface to the lysosome. 15 Furthermore, the catalytic activity of rhGAA is dependent on the acidic environment of the intact lysosome 15 which would favor clearance of lysosomal glycogen over glycogen in the cytoplasm where the neutral pH would render the enzyme less active. The skeletal myocytes of good histologic responders also contained more intact mitochondria. As receptor uptake of the enzyme is an energy-dependent process, the integrity of mitochondria is likely an important factor in effective delivery of rhGAA to the lysosome.
The extent of ultrastructural damage in the myocytes from histologically non-responsive patient biopsies was more severe: contractile elements and mitochondria were scarce or absent in cells where glycogen predominated as non-membrane bound pools in the cytoplasm (Figure 4b and 4c) . Variation in disposition of intracellular glycogen (membranebound vs cytoplasmic predominance) has been described previously by Griffin, who noted several progressive stages of ultrastructural change in skeletal myocytes from infantile Pompe disease. 7 Griffin also proposed a 'lysosomal rupture hypothesis', asserting that during normal contraction, the unique contractile nature of myocytes subjects the glycogen-containing lysosomes to stress forces during the increased rigidity of surrounding myofibrils. Once the lysosomes reach a critical size, these forces cause lysosomal rupture and release of glycogen and lytic enzymes into the cytoplasm. The lytic enzymes cause damage to myofibrils, leading to loss of myofibrils and loss of contractile function. In more advanced stages (stages 4 and 5 in our grading system), myocytes filled with lakes of cytoplasmic glycogen and devoid of contractile elements were considered by Griffin and others to represent end stage disease. [16] [17] [18] [19] [20] These changes are particularly relevant to ERT since this cytoplasmic glycogen released from lysosomes is probably inaccessible to the membrane receptor-dependent targeting mechanism. 15 Even if delivery to the cytoplasm were possible, the neutral pH of the cytoplasm would render exogenously delivered rhGAA less active.
The concept that 'end-stage' cells such as those in Figure 4b and c may be permanently unresponsive to current ERT regimens is supported by the absence of response in rare individual myocytes observed in patient biopsies exhibiting otherwise successful glycogen clearance (Figure 1b , cell with asterix). Similar to severely affected cells in poor histologic responders, these few remaining myocytes were completely filled with glycogen and devoid of contractile elements. Further, the existence of these nonresponsive cells in tissues from good histologic responders suggests that the proportion of end stage cells within a muscle may be a determinant of successful glycogen clearance. The individual cell staging and quantification we used to evaluate baseline biopsies confirmed that muscle from most poor histologic responders contained a high proportion of late stage myocytes with fewer early stage cells, a pattern incompatible with effective response to ERT and normal muscle function.
A surprising feature of this study was the absence of secondary pathology. Despite the severe intracellular pathology, there was no obvious evidence of cell necrosis or apoptosis by either light or electron microscopy. There was also no evidence of neutrophil, lymphocyte or macrophage infiltration to suggest recent or ongoing cell death, a finding consistent with observations by others. 7 In addition, there were no areas of fibrosis to suggest remote cell death, yet all nonresponsive patients had elevated plasma levels of SGOT and CK, consistent with active, ongoing muscle insult. SGPT levels were also elevated. Elevation of muscle and liver enzymes has been noted by others 21 and is consistent with glycogen accumulation observed at autopsy in muscle as well as in liver tissues. [22] [23] [24] Furthermore, evidence of muscle regeneration was minimal. Abundant satellite cells were present in all posttreatment biopsies, however, only a fraction demonstrated signs of activation. Activation was elevated among the more severely affected, histologically unresponsive patients, and was relatively downregulated in the two best histologic responders. This suggested a regenerative response to ongoing injury in skeletal muscle with persistent glycogen accumulation. Satellite cell activation is dependent upon TGF-b2 release from dying muscle fibers. 25 In the absence of overt cell necrosis, such mechanisms of self-repair do not appear to be fully engaged in infantile Pompe muscle.
In light of the known differences in the glycolytic capacity of Type I (slow twitch) and Type II (fast twitch) muscle fibers, 26 we have attempted to elucidate any potential impact of muscle fiber type on the response to ERT. Numerous studies have demonstrated higher capillary density among Type I fibers 9,10 as well as evidence of higher blood flow. 27 Studies in mice also demonstrate a correlation between predominance of slow twitch fibers and more effective glycogen clearance 28 while fast twitch fibers have been shown to have lower levels of lysosomal trafficking proteins and correspondingly less effective glycogen clearance. 29 While exposure to rhGAA might be enhanced in muscle groups with greater bloodflow and capillary density, it is unclear from this small study whether the higher proportion of Type I fibers in the quadriceps of surviving patients A and E signaled an advantage. Additional biopsy data from ongoing trials are focused on further investigating this question. Interestingly, Type I fibers have also been associated with greater satellite cell content 8, 30, 31 and hence, may have a greater capacity for repair.
Autopsy tissue samples from patient B, revealed multiple organ involvement, consistent with clinical reports on the nonskeletal manifestations of the disease. The cardiac hypertrophy and the prominence of remaining lysosomal glycogen in cardiomyocytes at autopsy was surprising, given the reported success in reducing LVMI (left ventricular mass index) scores and prolonging survival in these patients. 11, 32, 33 Infiltration of septal myocytes has been reported in association with the shortened P-R intervals observed in some Pompe patients 34 and a corrective increase in the P-R interval has been noted in conjunction with ERT. 35 Involvement of vascular smooth muscle noted in the juvenile and adult forms of Pompe disease was reportedly responsible for vascular aneurysms resulting in severe headaches, cerebellar infarction and fatal rupture. 36 Glycogen accumulation in motor neurons of the spinal cord (Figure 5i ) has also been reported previously in infantile patients 18, 37 and raises the question as to whether neuronal involvement is a secondary component contributing to muscle weakness. This area needs further investigation.
Pompe disease, like other lysosomal storage diseases (Gaucher, Fabry, Niemann-Pick) progresses over a lifetime, and clinical symptoms gradually worsen in the absence of treatment. However, in infantile Pompe disease, the clinical progression is rapid, resulting in a markedly narrow window of opportunity for interventional treatments. In addition, individual patient heterogeneity inevitably influences the rate of disease progression and further shortens the therapeutic window in patients with infantile Pompe disease who, when left untreated, often die before one year of age. The reason for higher doses of enzyme in Pompe disease compared to other lysosomal storage diseases (in the range of 1 mg/kg for Fabry and Gaucher disease) is at the moment unknown. Patients in this trial were dosed weekly with 10 mg/kg; others studies have administered 20-40 mg/kg every other week. 38 However, investigators must balance any benefit of these higher doses with the increased risk of immune complex formation as illustrated in a case of reversible nephrotic syndrome. 39 Additionally, the cardiac and respiratory involvement in this patient population puts them at an increased risk of arrhythmia and other significant medical complications during anesthesia and sedation procedures. 40 Therefore, the decision to biopsy these patients should be approached with caution, and such decisions should be made judiciously and sparingly.
This study of baseline pathology and the histologic response of infantile Pompe patients to ERT highlights the severity and the heterogeneity of intracellular pathology that may account for the variability of clinical response. While age at onset of treatment may be one determinant, the extent and nature of baseline muscle pathology in individual patients may be additional determinants of response. The less robust histologic and clinical responses in patients who were older and/or presented with more advanced histologic disease, indicate that efforts to facilitate early peri-natal screening and diagnosis are warranted so that ERT can be provided when the disease is at its earliest, most responsive stage. The excellent histologic (and synchronous clinical) response to rhGAA therapy observed in two patients is very promising. At the time of this writing, patients A and E continue to walk and remain well on ERT. Current studies 41 are looking more closely at the effects that patient age and different dosing strategies have on histopathologic and clinical responses in order to optimize the successful treatment of this unique patient population.
